Chronic kidney disease (CKD) represents a major medical challenge and frequently coexists with cardiovascular disease (CVD), which can be treated by statin trerapy. However, whether statin treatment affects renal progression and outcomes in CKD patients remains unclear. We retrospectively reviewed CKD patients at Gachon University Gil Medical Center from [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013]. From a total of 14,497 CKD patients, 858 statin users were paired with non-users and analyze with propensity score matching was performed. The outcomes of this study were creatinine doubling, renal death, all-cause mortality, and interactive factors for composite outcomes. Statins were prescribed to 13.5% of the study subjects. Hazard ratios (HRs) [95% confidence intervals (CIs)] for statin treatment for the doubling of serum creatinine levels were significant only in CKD patients with an estimated glomerular filtration rate (eGFR) !30 mL/min/1.73 m 2 , and were 0.744 (0.635-0.873) in the unmatched cohort and 0.767 (0.596-0.986) in the matched cohort. In analyses of secondary outcomes, the HRs (95% CIs) for all-cause mortality were 0.655 (0.502-0.855) in the unmatched cohort and 0.537 (0.297-0.973) in the matched cohort. The HRs (95% CIs) for statin therapy for composite outcomes among patients with and without an eGFR !30 mL/min/1.73 m 2 were 0.764 (0.613-0.952) and 1.232 (0.894-1.697), respectively (P for interaction, 0.017). Thus, statin treatment may have beneficial effects on renal progression and all-cause mortality only for the patients with early-stage CKD.
Introduction
Chronic kidney disease (CKD) has been emerged as an important health concern and is a major cause of premature mortality and comorbidities [1] . Individuals with CKD have a higher risk of premature mortality related to cardiovascular disease (CVD) even during the early stages of disease; this represents a significant challenge for physicians [2] . Renal dysfunction increases inflammation, oxidative stress, platelet dysfunction, endothelial dysfunction, proteinuria, and electrolyte imbalances [3] [4] [5] [6] . Moreover, these alterations may be related to a higher risk of CVD events [7] . Dyslipidemia and hypertension are common conditions a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 associated with CVD [7] [8] [9] . Various toxic lipid intermediates are formed in dyslipidemic CKD patients, which may accelerate the progression of CKD [10] [11] [12] . Therefore, optimal strategies for the management of dyslipidemia are needed to prevent CVD, particularly in CKD patients.
In previous studies, statin therapy improved renal function and reduced proteinuria [13] [14] [15] , possibly due to their anti-inflammatory activity and improvement of endothelial function, which reduces abnormal permeability to plasma proteins [6, [16] [17] [18] [19] [20] . Thus, statin administration may benefit CKD patients due to its enhancement of renal perfusion by improving endothelial and cardiac function [20, 21] . However, the indications for statin treatment are unclear, and whether it slows the progression of CKD and improves renal outcomes is controversial [22, 23] . The latest guidelines for lipid management in CKD patients from Kidney Disease: Improving Global Outcomes (KDIGO) do not suggest an appropriate point for the initiation of statin therapy; indeed, whether statin therapy has beneficial effects in all CKD patients is also uncertain [22, 23] . Therefore, we evaluated the clinical impact of statin treatment on the clinical outcomes of patients with CKD according to disease stage.
Materials and Methods

Study design and participants
We performed a propensity score (PS)-matched analysis of a retrospective observational cohort. Data from a total of 22,340 patients with CKD between January 1, 2003, and August 31, 2013, were included. Of these patients, an analysis of 14,497 patients was performed after excluding the following groups: (i) those less than 18 years of age (n = 3,330); (ii) patients with missing information concerning comparable data (n = 2,403) or follow up (n = 4,664); and (iii) those who had previously undergone dialysis or transplantation before the index date (start point of observation, baseline creatinine measurement; n = 446; Fig 1) . The patients were divided into two cohorts based on their statin prescription. Statin users (n = 1,955) were prescribed statins at least 3 months before the index date. Non-users (n = 12,542) were not prescribed statins before the index date. The research protocol and methods were approved by the Institutional Review Board (IRB) of Gachon University Gil Medical Center (GAIRB2016-085). The IRB waived the requirement for written informed consent as this was a retrospective study that did not include any interventions.
Variables
Demographic (age, sex, and body mass index [BMI]), clinical (medication information and medical history of diabetes, hypertension and previous CVD), and laboratory (serum levels of creatinine, hemoglobin, white blood cells, platelet, albumin, calcium, phosphorus, uric acid, cholesterol, triglycerides, high-density lipoprotein [HDL]-cholesterol, and the presence of proteinuria) data of patients were obtained from electronic medical records. CVD was defined as major vascular diseases such as myocardial infarction and other ischemic heart diseases, including angina pectoris and heart failure, atrial fibrillation, and cerebrovascular disease. The fourvariable Modification of Diet in Renal Disease (MDRD) Study equation was used to calculate the estimated glomerular filtration rate (eGFR) [24] . We defined and staged the CKD according to the eGFR (<60 mL/min/1.73 m cause mortality and composite outcomes (creatinine doubling, renal death, and all-cause mortality). Outcomes were compared on the index date until the first event.
Statistical analysis
To decrease any potential confounding bias, PS matching was adopted to adjust for significant differences in baseline covariates. As described previously [26] , the probability for statin prescription was determined using a multiple logistic regression analysis model (C statistic = 0.624; Hosmer and Lemeshow goodness-of-fit test, P = 0.1494), which included demographics and clinical and laboratory values (age, sex, BMI, medical history of diabetes, hypertension, and previous CVD; baseline eGFR; presence of proteinuria, hemoglobin, albumin, calcium, phosphorus, and uric acid; cholesterol, triglycerides, and HDL-cholesterol levels; and the prescription of RAAS blockers, beta blockers, CCBs, diuretics, and aspirin). After PS matching, the balance in baseline covariates between the two groups was assessed using the standardized mean difference test, paired t-test, and McNemar's test. PS matching was constructed using the Statistical Analysis Systems (SAS) software package version 9.3 (SAS Institute, Cary, NC).
A Cox proportional regression was performed to determine the adjusted hazard ratios (HRs) for statin prescription with 95% confidence intervals (CIs) for outcomes. Stratified subgroup analyses to test for confounding variables and interactions were also performed. All data analyses with the exception of PS matching were performed using Statistical Package for the Social Sciences (SPSS) software version 20.0 (IBM Corp., Armonk, NY). A value of P < 0.05 was considered to indicate statistical significance.
Results
Patient characteristics
A total of 14,497 CKD patients met the inclusion criteria and were followed up for a median of 30 months (interquartile range: 3-67 months). Statins were prescribed to 13.5% (1,955 of 14,497) of the patients. In particular, stain use was more common in older and male patients. Moreover, medical comorbidities and the prescription of other medications were showed more frequent in the statin user group than in non-users. After PS matching of 858 statin users with non-users, no significant differences in baseline characteristics were found between the two groups. (Table 1) .
Primary outcome
Multivariable Cox proportional regression analyses were performed for doubling of serum creatinine or renal events (long-term dialysis and kidney transplantation) according to the stages of CKD (eGFR !30 mL/min/1.73 m 2 or <30 mL/min/1.73 m 2 ). Statins delayed the doubling of serum creatinine without considering eGFR in the unmatched cohort (HR, 0.824; 95% CI, 0.722-0.939; P = 0.004; Table 2 ), but this significant association was not seen in the matched cohort (HR, 0.871; 95% CI, 0.711-1.066; P = 0.181; Table 2 ). For the eGFR !30 mL/min/1.73 m 2 group, statins significantly reduced the incidence of creatinine doubling in both the unmatched (HR, 0.744; 95% CI, 0.635-0.873; P < 0.001; Table 2 ) and matched (HR, 0.767; 95% CI, 0.596-0.986; P = 0.039; Table 2 ) cohorts. There was no significant relationship between statin treatment and creatinine doubling in the eGFR <30 mL/min/1.73 m 2 group. In addition, the risk of renal events
was not related to statin use in the unmatched (HR, 1.041; 95% CI, 0.866-1.250; P = 0.671) and matched (HR, 1.095; 95% CI, 0.833-1.440; P = 0.515; Table 2 ) cohorts.
All-cause mortality
Statin users showed a lower mortality rate than those of non-users before (P = 0.002) and after PS matching (P = 0.04; Table 3 ). In a multivariable Cox proportional analysis, statin users had a lower incidence of mortality than non-users in both the unmatched cohort (HR, 0.655; 95% CI, 0.502-0.855; P = 0.002; Table 3 ) and in the matched cohort (HR, 0.537; 95% CI, 0.297-0.973; P = 0.040; Table 3 ). In the eGFR !30 mL/min/1.73 m 2 group, statin users showed significantly less mortality risk in both the unmatched (HR, 0.518; 95% CI, 0.365-0.734; P < 0.001; Table 3 ) and matched (HR, 0.457; 95% CI, 0.214-0.979; P = 0.044; ) were statin users. The HRs (95% CIs) for composite outcomes among early-and late-stage CKD patients were 0.764 (0.613-0.952, P = 0.016) and 1.232 (0.894-1.697, P = 0.203), respectively (P interaction, 0.017; Fig 2) . The influence of statin treatment on outcome was consistent across the stratified patient subgroups (Fig 2) .
Discussion
The effect of statin prescription on clinical outcomes in patients with CKD according to stage was evaluated using PS matching. We found that statin treatment delayed the deterioration of kidney function and reduced all-cause mortality only in patients with early-stage CKD (eGFR !30 mL/min/1.73 m 2 ). Thus, we may consider statin treatment in such patients. Several studies have evaluated the mechanism by which statins affect CKD [3, 12-15, 21, 27, 28] . Statins not only lower lipid profiles, they also exert anti-proteinuric effects [13] . However, the beneficial effects of statins had not previously been assessed according stage of CKD, dosage, and treatment duration. A previous study compared the renoprotective effects of atorvastatin and rosuvastatin in progressive renal disease patients with or without diabetes (PLANET I and PLANET II) [27] . The results suggested rosuvastatin to have a greater lipid-lowering effect. In contrast, atorvastatin exerts a greater renoprotective effect in CKD patients. Therefore, the renoprotective effect varies according to the type of statin; moreover, there was no correlation between the reduction in lipid levels and renoprotection.
Statins' renoprotective effects may be dosage-dependent. High-dose statin therapy ameliorated the decline in eGFR in CKD patients (eGFR <60 mL/min/1.73 m 2 ), while statin therapy had no effect on renal progression in patietns with low-dose prescriptions [3] . Hence, the renoprotective effect of statins may vary according to the dose and type of statin, as well as CKD stage. Although the effects of statins in patients with CKD of various stages are uncertatin, a favorable effect of statins has empirically been adopted in these populations; indeed, statins are frequently used in CKD patients. In our study, simvastatin exerted beneficial effects on renal progression and all-cause mortality only for patients with early-stage CKD. However, there were no significant differences on outcomes regarding outcomes when different doses of simvastatin were compared (data not shown).
The first guidelines for lipid therapy in CKD patients were published in 2003. According to those guidelines, treatment should be considered for CKD patients with a low-density lipoprotein (LDL) level >100 mg/dL to reduce the LDL level to <100 mg/dL [29] . As indicated above, statins are recommended in patients with all stages of CKD. However, two large randomized trials failed to show a beneficial effect of statin treatment in patients undergoing hemodialysis [30, 31] . The Die Deutsche Diabetes Dialysis (4D) trial [30] and The Assessment of Survival and Cardiovascular Events (AURORA) trial [31] demonstrated that statin therapy in dialysis patients lowers the LDL level but does not affect the incidence of CVD or all-cause mortality. Therefore, the revised guidelines suggested that statin treatment should not be initiated in patients on maintenance hemodialysis [32] . Subsequently, the authors reported a clear benefit of statins, even in patients undergoing hemodialysis in the Study of Heart and Renal Protection (SHARP) [33] . However, the efficacy of statins in CKD patients undergoing hemolysis have remains uncertain. The 2014 KDIGO guidelines recommend not initiating statin therapy in adults with dialysis-dependent CKD and continuation in adults taking statins at the time of dialysis initiation [22] . KDIGO guidelines on lipid management adopt a risk-based approach for statin therapy in accordance with ACC-AHA guidelines [23] . However, the guidelines did not suggest the time at which statin treatment should be commenced. Our findings suggest that statin therapy in early-stage CKD patients may increase the time until serum creatinine doubles and decrease all-cause mortality.
In the subgroup analysis, only those with early-stage CKD had better outcomes when taking statins. We evaluated the association between statin use and eGFR. The use of statins by patients whose disease has advanced to ESRD requiring renal replacement therapy is controversial, and results regarding statin use in dialysis patients are inconsistent [30, 31, 33] . It would be worth performing randomized controlled interventional studies to confirm the clinical usefulness of statins in terms of clinical outcome in dialysis patients. However, statins may benefit patients not undergoing dialysis. In agreement with these observations, our findings suggest that statins may exert an eGFR-dependent renoprotective effect. Although our findings show that statin use is associated with delayed progression of CKD after adjustment for underlying CKD, this study had several limitations. First, we could not conclude whether efficacy depends on statin type or dosage. To address this, we need to determine whether high-dose statin treatment lengthens the doubling time for serum creatinine and whether it decreases the risk of ESRD and mortality in a future study considering the dosage and type of statin therapy. Another limitation is the involvement of a single center and an ethnically homogenous population. An additional, multiple-center study of statin efficacy in CKD patients of other ethnicities is thus warranted. Also, this was a retrospective observational study, therefore is not a perfect substitute for a randomized trial. Even though PS matched analyses were performed, out study may contain biased results due to differences in unmeasured characteristics. Despite these limitations, this was a large-scale observational cohort study that used PS matching to enhance the statistical significance of the findings.
In summary, the lipid-lowering effect of statins prevents cardiovascular events and may exert similar effects in CKD patients. Little is known about the effect of statins in ESRD patients or the point at which statin treatment should be initiated in CKD patients. This study demonstrates that statins improved the prognosis of early-stage CKD patients with an eGFR ! 30 mL/min/1.73 m 2 , as evidenced by a reduced time to serum creatinine doubling and decreased all-cause mortality.
In conclusion, although the effect of statins on renal progression in CKD patients is unclear, our results suggest statins to have beneficial effects in patients with an eGFR !30 mL/min/1.73 m 2 . Therefore, the commencement of statin treatment during the early stages of CKD may be beneficial. Future randomized controlled studies are warranted to confirm the efficacy of statin therapy in early-stage CKD patients.
